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Abstract 
 
Insulin signaling is mediated by a complex, highly integrated network which functions to control 
multiple metabolic and growth processes throughout the organism. A key enzyme in the insulin 
signaling network is phosphatidylinositol 3-kinase (PI3-kinase). PI3-kinase catalyzes the 
production of the lipid second messenger, phosphatidylinositol 3, 4, 5- triphosphate (PIP3), which 
is involved in various cellular functions such as cell growth, survival and apoptosis. In this thesis, 
we have investigated the impact of oncogenic mutations of PI3-kinase, as well as deletion of its 
key subunit isoforms on glucose metabolism. We also identified a PH-domain containing protein 
ARAP2, and investigated its role in lipid droplet formation.  
 
In Paper I, we investigated the effect of combined hepatic deletion of the PI3-kinase subunits 
p110α and p85α (L-DKO) on insulin signaling and glucose homeostasis. L-DKO mice developed 
impaired glucose-tolerance, but surprisingly displayed intact IRS1-associated lipid kinase activity. 
The mice exhibited decreased body weight, but similar adipose tissue weight, hepatic glucose 
production as well as normal insulin tolerance, demonstrating a paradoxical milder phenotype 
compared to mice having only p110α deleted in the liver.      
  
In Paper II, we investigated the effects of the hot spot mutations E545K and H1047R of p110α on 
hepatic and whole body glucose homeostasis. The expression of these mutations resulted in a 
reprogrammed cellular metabolism with marked accumulation of lipids and glycogen in the liver. 
Wild-type (wt) p110α expression did not result in hepatic lipid or glycogen accumulation despite 
having similarly increased expression of glycolytic and lipogenic genes. Furthermore, there was no 
difference in the kinase activity between the wt- and mutant-expressing mice, which suggest that 
the metabolic effects exhibited by the p110α mutants are linked to kinase-independent function(s) 
of the oncogenic p110α. 
 
In Paper III, we identified ARAP2 as a PH-domain containing protein in the lipid droplet proteo-
me. We show that knockdown of ARAP2 leads to diminished lipid droplet formation by decreas-
ing the rate of triglyceride synthesis. The lower triglyceride synthesis rate resulted from decreased 
basal glucose uptake through lower expression of GLUT1, as well as reduced GLUT1 levels in the 
plasma membrane and lipid micro-domains. The effect on GLUT1 was mediated by increased 
glucosylceramide synthesis.  
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